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Among the wild canids, the red fox (Vulpes vulpes) is recognised as an 
important reservoir species for a range of parasites, including cardiopulmonary 
nematodes of public health and veterinary importance. As cross-host transmission 
between the red fox and domestic carnivores can play an important role in the ep-
izootiology of cardiopulmonary parasitic diseases, the aim of the present investi-
gations was to obtain data on the geographical distribution of cardiopulmonary 
nematodes of the red fox. The material for examination consisted of 83 foxes 
which were legally hunted at different locations during a three-month period from 
December 2017 to February 2018. The presence of four emerging species in Eu-
rope (Angiostrongylus vasorum, Crenosoma vulpis, Dirofilaria immitis and Euco-
leus aerophilus) was revealed in red foxes of Serbia. Crenosoma vulpis and E. 
aerophilus were detected in foxes in both the plain and the mountainous areas 
across the country. Dirofilaria immitis is distributed in red foxes near alluvial riv-
ers in Vojvodina province (northern Serbia). Angiostrongylosis caused by A. vas-
orum was demonstrated to exist in two enzootic foci with a high percentage of in-
fected foxes in a plain area of northern Serbia. To the best of our knowledge, C. 
vulpis and A. vasorum were discovered for the first time in red foxes in central 
Serbia. The results provide strong evidence for veterinarians to take into consider-
ation the parasitic nematodes discovered in red foxes in the differential diagnosis 
of diseases of companion animals. In the context of the ‘One Health’ approach the 
results related to the distribution of the zoonotic species E. aerophilus and D. im-
mitis can be useful for medical epidemiology.  
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Cardiopulmonary parasitic diseases of Canidae species have recently be-
come timely issues due to their emergence in European countries and their 
spread into previously non-endemic regions, which has been particularly well 
documented for diseases caused by Angiostrongylus vasorum, Crenosoma vulpis, 
Dirofilaria immitis and Eucoleus aerophilus (Traversa et al., 2010). Among the 
wild canids, the red fox is recognised as an important reservoir species for a 
range of parasites, including cardiopulmonary nematodes. This role of the red 
fox has become much more pronounced in Europe after the success of oral vac-
cination against rabies, which has resulted in an increase of its populations (Vos, 
1995; Chautan et al., 2000) and in the tendency of extending its habitat into ur-
ban areas (Schweiger et al., 2007). In this respect, the importance of cardiopul-
monary parasitic diseases of the red fox is mostly reflected in their potential risk 
to human and companion animal health. 
The zoonotic potential of E. aerophilus as the cause of parasitic pneumo-
nia has been confirmed in several European countries (Lalošević et al., 2008). 
Dirofilaria immitis is also considered a zoonotic agent, although humans are only 
accidental carriers of its larval forms. The disease in humans most often takes a 
pulmonary form and manifests itself in small, solitary peripheral pulmonary 
granulomas which may be very important in the differential diagnosis of pulmo-
nary coin lesions (Echeverri et al., 1999). 
With their increasing frequency reported in domestic carnivores, cardio-
pulmonary parasitic diseases occupy an increasingly important place in current 
veterinary practice (Traversa et al., 2010). The French heartworm, A. vasorum, 
has been shown to be very pathogenic for domestic dogs, causing cardiovascular 
and pulmonary disorders with potentially fatal outcome (Jolly et al., 2015; Benda 
et al., 2017). The fox lungworm, C. vulpis, can cause bronchitis with a dry, un-
productive cough in dogs (Cobb and Fisher, 1992), while infection with the zo-
onotic lungworm E. aerophilus results in a similar condition in both dogs and 
cats (Conboy, 2009). 
As the cross-host transmission between red foxes and domestic carnivores 
can play an important role in the epidemiology of cardiopulmonary parasitic dis-
eases of public health and veterinary importance, the aim of the present investi-
gations was to expand the knowledge relating to the geographical distribution of 
cardiopulmonary nematodes in red foxes. 
 
 
Materials and methods 
Area and animals included in the study 
The investigations included samples from four epizootiological areas, 
three of which were from central Serbia and one from Vojvodina province (Fig. 1). 
Vojvodina province is predominantly the plains area located in the north of Ser-
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bia and demarcated by the rivers Danube and Sava from central Serbia, which 
consists mainly of hills and mountains. The material for examination consisted of 
83 foxes which were legally hunted at different locations during a three-month 
period from December 2017 to February 2018. The foxes were delivered to the 
veterinary institutes (Veterinary Specialised Institute ‘Pančevo’, Veterinary Spe-
cialised Institute ‘Požarevac’, Veterinary Specialised Institute ‘Kraljevo’ and 
Scientific Veterinary Institute of Serbia, Belgrade) within the Programme for the 
Control and Eradication of Rabies in Serbia. 
 
Fig. 1. The investigated epizootiological areas of Serbia 
Methods 
The foxes were partially necropsied and the organs of the thoracic cavity 
were taken out with the associated blood vessels. The heart, the pulmonary artery 
and its branches were cut open and the noted parasites were removed. Subse-
quently, the right heart ventricle, the right atrium and the pulmonary artery were 
washed with tap water into a kidney dish, the coagulated blood was removed and 
the fluid was thoroughly examined for the presence of additional parasites. The 
lungs were placed into a separate large kidney dish; the trachea and bronchi were 
cut open and the noted parasites were removed. Subsequently, the cut-open pul-
monary tree was washed with tap water and the lungs were cut into small, 1 cm 
wide pieces, which were squeezed by hand under the water. The obtained fluid 
was sedimented for 2 h, after which the sediment was transferred into Petri dish-
es and examined under a stereomicroscope (at 40 × magnification). The parasites 
were identified on the basis of the characteristic morphological features de-
scribed by Soulsby (1965) and Furtado et al. (2010). 
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Results 
In the territory of Serbia four species of cardiopulmonary parasitic nema-
todes (D. immitis, A. vasorum, C. vulpis and E. aerophilus; Fig. 2) were identified 
in red foxes. The presence of cardiopulmonary nematodes was detected in 69.9% 
of the 83 examined foxes hunted in different locations. Overall, D. immitis, A. 
vasorum, C. vulpis and E. aerophilus were found in 4.8%, 13.2%, 26.5% and 
53.0% of the samples, respectively. Eucoleus aerophilus was prevalent in red 
foxes from all the four epizootiological areas examined, C. vulpis was detected in 
red foxes from three epizootiological areas, A. vasorum was found in red foxes 
from two epizootiological areas, while D. immitis was discovered in foxes from 
one epizootiological area located in northern Serbia (Table 1). 
 
Fig. 2. Cardiopulmonary parasitic nematodes discovered in red foxes in Serbia. (a) Dirofilaria im-
mitis, (b) Crenosoma vulpis, (c) Angiostrongylus vasorum, (d) Eucoleus aerophilus 
 
Co-infections were detected in 19 foxes (22.9%). Co-infection with C. 
vulpis and E. aerophilus (15/18.1%) was the most frequent, followed by co-
infection with E. aerophilus and A. vasorum (2/2.4%), co-infection with C. vul-
pis and A. vasorum (1/1.2%) and co-infection with D. immitis and E. aerophilus 
(1/1.2%). Mixed infection with C. vulpis, A. vasorum and E. aerophilus was ob-
served in two foxes (2.4%). 
a b
c d
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Table 1 
Cardiopulmonary parasitic nematodes in red foxes in four epizootiological areas of Serbia 
Epizootiological  
area  
(region) 
Number  
of foxes  
examined  
(n) 
Positive  
samples 
n (%) 
D. immitis 
n (%) 
A. vasorum
n (%) 
E. aerophilus 
n (%) 
C. vulpis 
n (%) 
South Banat  
(Vojvodina) 
 
20 
 
16 (80.0%) 
 
4 (20.0%) 
 
9 (45.0%) 
 
6 (30.0%) 
 
3 (15.0%) 
Braničevo  
(central Serbia) 
 
21 
 
9 (42.9%) 
 
0 (0.0%) 
 
0 (0.0%) 
 
7 (33.3%) 
 
3 (14.3%) 
Kolubara  
(central Serbia)  
 
10 
 
3 (30.0%) 
 
0 (0.0%) 
 
0 (0.0%) 
 
3 (30.0%) 
 
0 (0.0%) 
Zlatibor 
(central Serbia) 
 
32 
 
30 (93.7%) 
 
0 (0.0%) 
 
2 (6.2%) 
 
28 (87.5%) 
 
16 (50.0%) 
Total 83 58 (69.9%) 4 (4.8%) 11 (13.2%) 44 (53.0%) 22 (26.5%) 
 
The highest intensity of infection was observed for E. aerophilus and the 
lowest for D. immitis (Table 2). The infection with D. immitis was unisexual in 
all the four infected foxes. In two foxes single male specimens were found, in 
one fox two female specimens were detected, while one fox harboured four fe-
male specimens. In the populations of E. aerophilus, C. vulpis and A. vasorum 
both sexes were present and gravid females were found in 41%, 19.3% and 9.6% 
of the red foxes examined, respectively. 
All the four cardiopulmonary parasitic nematodes detected were approxi-
mately equally distributed in both sexes. The prevalence of D. immitis, A. vaso-
rum, C. vulpis and E. aerophilus was 6%, 14%, 28% and 54% in male foxes and 
3%, 12.1%, 24.2% and 51.5% in female foxes, respectively. 
Table 2 
Prevalence and intensity of infection with Dirofilaria immitis, Angiostrongylus vasorum, Eucoleus 
aerophilus and Crenosoma vulpis in red foxes in Serbia 
 Prevalence,  
% Range 
Mean  
intensity 
Median  
intensity 
D. immitis 4.8 1–4 2 1.5 
A. vasorum 13.2 1–17 5.6 4 
E. aerophilus 53.0 1–33 8.7 6 
C. vulpis 26.5 1–18 4.8 3 
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Discussion 
The investigations confirmed that cardiopulmonary nematodes are wide-
spread in red foxes in Serbia. The most widespread is the zoonotic species E. 
aerophilus, found in all the four epizootiological areas examined. The highest 
prevalence of infection (87.5%, 28/32) was determined in the Zlatibor epizooti-
ological area, which is a mountainous region of central Serbia. In different Euro-
pean countries, the prevalence of infection ranges from 0.3% in central Poland 
(Borecka et al., 2009) to 88% in Norway (Davidson et al., 2006). The present 
findings, coupled with previous studies reporting a prevalence of E. aerophilus 
within a range of 30–84% for different regions of Serbia (Lalošević et al., 2013; 
Ilić et al., 2016; Bjelić Čabrilo et al., 2018) imply that there is a potential risk of 
infection for susceptible animals and humans across the whole country. Pulmo-
nary capillariosis in humans is a very rare disease, and there are only a few cases, 
including just one from Serbia (Lalošević et al., 2008), reported in the interna-
tional literature. Despite the wide distribution of E. aerophilus in Serbia, there 
have been no data related to eucoleosis in dogs and cats. In neighbouring Roma-
nia, for instance, the prevalence of eucoleosis in household cats has been esti-
mated at 3.1% (Mircean et al., 2010). 
The relatively high prevalence of D. immitis in red foxes in the South 
Banat epizootiological area, northern Serbia, coincides with an enzootic area of 
canine dirofilariosis around the rivers Danube and Tamiš. The first case of 
heartworm disease in a dog in South Banat was reported in 1995 in the City of 
Pančevo (Blitva-Mihajlović et al., 1995), and in the subsequent two decades this 
area proved to be enzootic for canine dirofilariosis caused by D. immitis (Tasić et 
al., 2012; Gavrilović et al., 2015).  
Although the reproduction of D. immitis in the red fox has been confirmed 
(Magi et al., 2008), the role of this host species in the epizootiology of the dis-
ease is still obscure. The maximum number of adult parasites (four) found in red 
foxes in the present study is lower as compared with dogs in the investigated area 
(Gavrilović, unpublished data), which may indicate that the red fox is a less sus-
ceptible host species. This opinion is supported by the fact that D. immitis was 
not found in red foxes in central Serbia, although the disease is prevalent in dogs 
(Tasić et al., 2012). A high prevalence of infection suggests the possibility that 
D. immitis is also maintained, in South Banat, in a sylvatic cycle in which the 
role of definitive host has been taken by the red fox. However, the reproduction 
of D. immitis, which would support such an opinion, could not be demonstrated 
in the animals examined. In the neighbouring countries, dirofilariosis has been 
reported in red foxes with a prevalence of 3.7% in Hungary (Tolnai et al., 2014) 
and 25.2% in Bulgaria (Panayotova-Pencheva et al., 2016). 
In the present investigations A. vasorum was found for the first time in the 
territory of central Serbia, Zlatibor epizootiological area. The infected foxes orig-
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inated from villages adjacent to the municipality of Gornji Milanovac. Similarly, 
all the infected foxes from South Banat (Vojvodina) originated from the area of 
Pančevo municipality, confirming that the disease exists in Serbia in enzootic fo-
ci. This is the most probable reason why, unlike the present investigations, Bjelić 
Čabrilo et al. (2018) found A. vasorum in only three individual foxes (1.8%) 
from Vojvodina, each of which carried a single worm. In addition to red foxes, 
the disease has been described in a dog (Simin et al., 2014) and in a golden jack-
al (Gavrilović et al., 2017) in Vojvodina province. 
The trend towards a higher incidence of angiostrongylosis observed in 
some European countries indicates that A. vasorum is actually emerging in Eu-
rope. A high prevalence of infection (17.9%) has been recorded in Hungary, the 
country bordering Serbia to the north (Tolnai et al., 2015). In Croatia, bordering 
Serbia to the west, the prevalence of infection in red foxes is less than 5% (Raj-
ković-Janje et al., 2002) and, similarly, in West Romania bordering Serbia to the 
east the prevalence was estimated at 4.2% (Deak et al., 2017).  
Although angiostrongylosis may be fatal in domestic dogs (Jolly et al., 
2015; Benda et al., 2017), the disease is still neglected among practitioners in 
Serbia. Based on the present investigations dogs from two municipalities, Panče-
vo and Gornji Milanovac, should be considered to be at a high risk of angi-
ostrongylosis. Currently, canine angiostrongylosis is endemic in many areas of 
Europe (Elsheikha et al., 2014), and in neighbouring Hungary, for instance, 
Schnyder et al. (2015) found 1.36% Angiostrongylus antibody- and antigen-
positivity in dogs. 
The fox lungworm, C. vulpis, was found in three epizootiological areas 
and for the first time in the territory of central Serbia. Previous investigations re-
ported the occurrence of this agent with a prevalence of 13.1% (Simin et al., 
2012) and 16.6% (Bjelić Čabrilo et al., 2018) in Vojvodina province. The preva-
lence of infection in Europe ranges from 2 to 58% (Davidson et al., 2006; Mor-
gan et al., 2008), and in some regions such as the Pyrenees in north-eastern 
Spain, it is the most frequent cardiopulmonary nematode (44.8%) (Garrido-
Castañé et al., 2015). Of the neighbouring countries, a prevalence of 24% was 
reported in red foxes in Hungary (Sréter et al., 2003). 
Due to the unspecific clinical signs and difficulties in making a diagnosis, 
crenosomosis can be an important health issue for veterinary medicine (Cobb and 
Fisher, 1992; Rinaldi et al., 2007). Individual cases of the disease were recorded 
in domestic dogs (Cobb and Fisher, 1992; Reilly et al., 2000) and the prevalence 
of infection was estimated in some countries such as Germany (6.0%; Barutzki 
and Schaper, 2009), and the Czech Republic (2.0%; Hajnalová et al., 2018). 
In conclusion, cardiopulmonary nematodes D. immitis, A. vasorum, C. 
vulpis and E. aerophilus are widespread in red foxes in Serbia. Crenosoma vulpis 
and E. aerophilus are detected in foxes in both the plains and mountainous areas 
across the country. Dirofilaria immitis is distributed in red foxes near alluvial 
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rivers. Angiostrongylosis has been demonstrated to exist in two enzootic foci 
with a high percentage of infected foxes in the plains area of northern Serbia. To 
the best of our knowledge, C. vulpis and A. vasorum were discovered for the first 
time in red foxes in central Serbia in the present study. 
The results provide strong evidence for veterinarians to take into consider-
ation the parasitic nematodes discovered in red foxes in the differential diagnosis 
of diseases of companion animals. In the context of the ‘One Health’ approach 
the results related to the distribution of the zoonotic species E. aerophilus and D. 
immitis can be useful for medical epidemiology.  
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